Objective: To evaluate short-term respiratory outcomes in late preterm infants (LPI) compared with those of term infants (TI).
Background
Late preterm infants (LPI), previously known as near term, are premature newborns delivered between 34 0/7 and 36 6/7 weeks of gestational age according to the definition developed by the National Institute of Child Health and Human Development Workshop [1] in 2005.
In the United States (U.S.) [2] the delivery rate of preterm births increased from 10.6% to 12.8% in 1990 to 2006, whereas the rate of LPI rose from 7.3% to 9.1% in the same period, therefore the increase of preterm births was primarily due to an increase of late preterm deliveries [3] . The decline in LPI from 9.1% in 2007 to 8.1% in 2012 and the decline in preterms from 12.8% to 11.5% respectively, reflected the effectiveness of the prevention of late preterm delivery [4] in the last six years in the U.S.
Late preterm birth increases the risk of neonatal mortality and morbidity such as hypoglycemia [5] , feeding problems [6] , jaundice [7] , hypothermia, sepsis, seizures, compared with term birth [8, 9] .
Previous studies consistently revealed that LPI experience respiratory distress syndrome, transient tachypnoea of the newborn, pneumonia and persistent pulmonary hypertension, at higher rates than term infants (TI) [10, 11] . This increased respiratory morbidity is related to functional immaturity of the lung structure, which can lead to impaired gas exchange and requires respiratory support [12] .
The purpose of this study is to evaluate short-term respiratory outcomes in LPI compared with those in TI and to identify the risk factors of these outcomes.
Materials and methods
This observational study was carried out in a single third level neonatal centre (S. Gerardo Hospital of Monza) from January 2005 to December 2009. The cohort of all late preterm deliveries was compared with the cohort of all full-term deliveries (37 0/7 to 41 6/7 weeks of gestation) in the same period.
The cohorts were identified on our electronic medical records (MetaVision® -iMDsoft) for all singleton and multiple live births. An informative privacy consent form was signed by each of the parents of all the patients upon admission.
Gestational age was estimated by the association of ultrasound examination before 20 weeks of gestation and the last menstrual period. Extracted data included gender, birth weight, multiple births, presence of major congenital anomalies, mode of delivery, Apgar score at minute 5, need for resuscitation, admission to the neonatal intensive care unit (NICU) and days of hospitalization.
Infants requiring respiratory care or cardio-respiratory monitoring, infants with a birth weight < 1800 g or a gestational age < 34 weeks and infants who require immediate operative procedures were admitted to the NICU. Following a clinical evaluation, the stable infants remained with their mothers in the postpartum ward.
Newborns were defined small for gestational age (SGA) if the birth weight was less than the 10th percentile [13] . Need for resuscitation was defined as need for intermittent positive pressure ventilation and/or cardiac compression and/or drug administration in the neonatal stabilization period.
Maternal characteristics included maternal age, ethnicity, need for assisted reproductive technologies (ART), maternal diseases (gestational and non-gestational diabetes mellitus, pre-eclampsia, hemolysis, elevated liver enzymes and low platelet count syndrome -HELLP syndrome, hypertension, pregnancy induced hypertension, thrombocytopenia, anaemia, hypo/hyperthyroidism, infections, connective tissue disease, gestational cholestasis, praevia or accrete placenta, poly/oligohydramnios) and the number of ultrasound and medical examinations during pregnancy. Neither tocolytic therapy nor corticosteroids for fetal lung maturation were administered at gestational age 34 0/7 weeks or above. Deliveries were categorized as vaginal, Cesarean Section (CS) during labour and CS before labour. The diagnoses of respiratory disorders were made in accordance with the following definitions: The total number of respiratory cases was included in the composite respiratory morbidity (CRM): each case may be affected by one or more of these respiratory diseases.
Data on respiratory support such as oxygen therapy administered through nasal-cannulae (nasal oxygen), nasal continuous positive airways pressure (N-CPAP), mechanical ventilation, (MV) were collected. In accordance with departmental protocol, respiratory support was provided starting with nasal oxygen or N-CPAP at the first signs of respiratory impairment. MV was limited to those infants who were unresponsive to N-CPAP or to those in need of resuscitation; they were extubated as soon as possible and N-CPAP applied. When analyzing the data, for each infant only the highest level of respiratory support was considered. The need for specific adjunctive therapies (pleural drainage, surfactant administration, inhaled nitric oxide) and the duration of pressure support (sum of hours on MV and N-CPAP) were also recorded.
Clinical characteristics of the two groups were described by mean values and standard deviations (median and interquartile ranges were used for non-normally distributed variables) or rate and percentages, according to the type of variable. The Student's t-test was used to compare continuous variables between the groups (Mann-Whitney U test was used for non-normally distributed variables) and the X 2 test and Fisher Exact test were used for categorical variables. A multivariate logistic regression model was applied to examine respiratory morbidities and need for respiratory support across gestational age controlling for mode of delivery, birth weight, gender, presence of anomalies, twin births and maternal medical disorders. Multivariate logistic regression analyses were used to assess the impact of gestational age and other possible risk factors on adverse respiratory outcomes. Significant results are those related to p values < .05 or 95% confidence interval (CI) for the odds ratio (OR) not inclusive of the unit.
Results
During the study period 14,515 infants were delivered; 639 (4.4%) very preterm infants (<34 weeks of gestational age) and 72 (0.49%) post-term infants (>41 weeks of gestational age) were excluded from the analysis. The TI were 12,948 (89.2%) and LPI were 856 (5.9%).Twenty-eight newborns, 6 LPI and 22 TI, were also excluded from analysis as no clinical data were available due to transfer to other centres (25 newborns) or due to death at delivery (3 newborns).
The majority of LPI were born at 36 weeks (53.9%), followed by those born at 35 weeks (28.4%) and at 34 weeks (17.8%), respectively.
Maternal demographic data are shown in Table 1 . A greater number of women delivering LPI were treated with assisted reproductive technologies (ART, 1.6% vs 0.5%), more women in this group underwent ultrasound procedures (5.1 ± 4 vs 3.7 ± 2) and there was a higher rate of medical disorders (37.0% vs 11.9%) during pregnancy.
Neonatal characteristics are shown in Table 2 . In the LPI cohort there was a higher frequency of SGA (14.8% vs 9.3%), twins (26.0% vs 1.6%), malformations (2.4% vs 1.3%), an Apgar score of <7 at 5 minutes of life (1.3% vs 0.3%) and resuscitation at birth (10.5% vs 2.0%). There were significantly more LPI born from CS with and without labour (11.1% and 32.6%, respectively) compared with TI (7.7% and 8.1%, respectively).
Neonatal mortality was 0.6% in LPI and 0,08% in TI and the median age at death was 11(8-14) and 1.5 (0-23) days respectively. The 37-week subgroup had an overall mortality rate of 0.5% with a 17-fold higher risk of death compared with other TI (0.03%). Among the 6 mortality cases in the 37 week group, 5 had severe anomalies and 1 an early-onset neonatal sepsis. The NICU admitted 245 (28.8%) LPI, 40% of these because of respiratory disorders.
Overall, median duration of hospitalization of LPI was significantly higher, 5.3 days (3.8-8.1) than TI, 3.0 days (2.5-3.8). However, for newborn admitted to the NICU with respiratory disorders, length of stay was not significantly different whether late or full term, 10.2 days (7.0-15.1) vs 9.0 (6.4-14.3).
As shown in Table 3 , CRM affected 105 LPI (12.4%), compared with 121 (0.9%) TI. CRM decreased from 25% to 6% between the gestational ages of 34 weeks to 36 weeks, and became negligible after 38 weeks. All respiratory morbidities were consistently significantly more common in LPI than in TI, except for MAS.
Eighty-four LPI (9.8%) and 73 TI (0.56%) received respiratory intervention, of which 13 LPI (1.5%) and 16 TI (0.12%) were ventilated.
The highest level of respiratory support needed by neonates with CRM and adjunctive respiratory therapies can be seen in Table 4 . Nasal oxygen was rare in LPI compared to that in full term infants. On the other hand, a total of 68 (64.8%) LPI received N-CPAP compared to 39 (32.2%) TI. The use of MV was similar in the two groups. The percentage requiring surfactant therapy in the late preterm group was significantly higher than in the term group (16.2% vs 6.6%). In the TI group, those infants born at 37 weeks gestation had a higher incidence of pleural drainage (15.6%) compared with those born at 38-41 weeks (3.4%, p 0.03), whereas other respiratory supports were not significantly different.
MV (Figure 1 ), was started earlier in life in the TI group compared with LPI (median 0.1 vs 15.9 hours, p = 0.05).
The duration of pressure support (hours in N-CPAP and/or MV) was significantly longer in 37 weeks neonates compared with that in younger (median 66.6 hrs vs 40.5 hrs) and older babies (median 66.6 hrs vs 22.4 hrs) ( Figure 2) .
In order to evaluate whether maternal characteristics were risk factors for late preterm birth or for CRM regardless of LPI, two logistic regression models (Table 5) were applied. For both these outcomes, maternal medical disorders and the twin pregnancies were related to a higher risk of late preterm birth (OR 3.8, 95% CI 3. Further analyses were carried out to assess the impact of gestational age on respiratory morbidities and respiratory support, adjusting for potential confounding factors of the mother and the infant as shown in Table 6 . Table 3 Respiratory Morbidity and need for respiratory support by gestational age in weeks 34 35 36  LPI  37  38  39  40  41  TI  34 Respiratory support *** 33 ( 
Discussion
This study analyses the respiratory morbidity as well as the need for respiratory support and adjunctive therapies in a cohort of LPI and TI. In addition, risk factors for late preterm birth and respiratory outcomes were analyzed.
In contrast with birth data [1] from the United States, a lower rate of LPI (5.9% vs 9.1%) and a lower incidence of LPI among preterm infants (57% vs 75%) were observed. Although this study was carried out in a single third level centre, results are in keeping with the overall rate of preterm delivery of 6.8% in Italy [14] , similar to the rate of many European countries [15] and about half that in the U.S. [16] . The recent rise in preterm births in the U.S. has been mainly due to increases in late preterm births, largely as a consequence of increases in preterm induction and preterm cesarean delivery among women at high risk for adverse pregnancy outcomes [17] . However, according to the literature, iatrogenic births in this category vary between 8% and 46% [18, 19] and a recent article reports an overall 57% of "unnecessary", avoidable late preterm births [20] .
Although a rise was recorded in late preterm births between 1995 and 2005 in our centre too, this was only from 4.9% to 5.3%.
During the first 4 years of the study period, an increase of late preterm births from 5.3% to 6.6% was detected, while this returned to 5.3% in the last year. However the reasons for these fluctuations are not documented as our database did not include enough information regarding induction of labour and indications for delivery, it is not possible to distinguish between indicated and non-indicated deliveries. The figures in this study could reflect the ability of obstetric management to maintain a low level of late preterm births.
In line with the literature [21, 22] this study found that women delivering LPI had significantly more medical Data compare composite respiratory morbidities (CRM), use of nasal continuous positive airway pressure (N-CPAP) and use of mechanical ventilation (MV) across gestational ages, adjusting for maternal and neonatal characteristics (OR = 1 indicates the reference category).
complications than women delivering TI; the LPI were more frequently twins, SGA, malformed and born by CS. Multivariate analysis confirmed that maternal complications and twin pregnancies were associated with late preterm birth and CRM, but not independent of gestational age. The higher risk of respiratory disorders in late preterm twins, primarily related to their preterm birth, therefore could be reduced by a careful continuation of gestation. However, recent recommendations [23] emphasize the adverse outcomes in complicated twin pregnancies lasting over 37 weeks of gestation, especially if monochorionic.
Elective CS is considered a major contributor to respiratory morbidities in both late preterm and early term neonates [24, 25] . De Luca et al. [26] demonstrated that compared with planned vaginal delivery, infants delivered by elective CS had significantly higher mortality and respiratory morbidity. Roth-Kleiner and coworkers showed that, in term and near-term infants who developed respiratory distress following elective CS, the need for mechanical ventilation was dramatically higher than in those born after CS in labour [27] .
The rate of CS without labour in the LPI group was higher than that reported by the U.S. Consortium on Safe Labour [28] (32.6% vs 23.6%), but CS in labour was lower in this study (11.1% vs 15%) and the overall rate was lower than that reported in a tertiary centre dataset by Holland et al. [19] (44% vs 61%). Moreover the location of the present study has one of lowest rates of total CS in Italy (overall 19% vs 38%.). Multivariate analysis also showed that mode of delivery was independently related to neonatal CRM and a protective effect of labour independent of the final mode of delivery was confirmed.
Several studies have demonstrated that LPI are at high risk of death during the neonatal period, particularly in the first few days of life [29] . The neonatal mortality rate in LPI was 7.4-fold that in TI, comparable to the gestation-specific neonatal mortality rates from other data sources [30, 31] . Mortality in the 37-week group was higher than in the 38-41 groups, but the main cause was congenital malformation, as also demonstrated by Young et al. [32] .
CRM was nearly 14-fold higher in the LPI group than in the term group. It occurred in 12.4% of the late preterm birth cohort, one of the lowest rates among those registered in other series. In the literature, there is great variability of the rate of CRM due to the heterogeneity of studies, selection criteria and definition of the outcome. CRM is often used to define frequency in pulmonary complications but it has a wide range of severity. Despite the rigorous definitions used to describe RDS and TTN, the diagnosis may still be subjective and the distinction between TTN and RDS can sometimes be unclear. Among the LPI, TTN was the most frequent disease (5.8%) followed by RDS (4.7%).
This differs from other studies [33] in which RDS was the most frequent disease with a rate as high as 28.9%. The findings of the present study are more in line with those of Melamed et al. [34] who reported a 4.2% rate of RDS in an Israeli case-control study of LPI. Moreover a recent systematic review [30] , including 22 different studies on LPI morbidity, recorded RDS at 5.3%. However, the emerging data was that in the overall population of 34 weeks to 41 weeks gestation the incidence of CRM was 1.6%. RDS and TTN accounted for 1.4%. These rates are lower than those reported in the recent literature [28, 34, 35] and this could be related to the lower incidence of LPI in the centre where this study took place.
The need for respiratory support for each gestational age was analyzed. Among LPI, a lower rate of MV (1.5%) was found compared with that reported in previous studies (up to 8%) [28, 35] . To what extent this was due to less severe illnesses, perhaps to better prenatal management, rather than a more gentle approach to respiratory failure, is difficult to determine. Unfortunately there is no data on the administration of antenatal corticosteroids prior to the 34th week. On the other hand, the caution concerning intubation was also confirmed in the cohort of TI in which the incidence of mechanical ventilation was 0.2%, against 1.1% of the data from the U.S. Consortium on Safe Labour or 1.2% of the data reported by Teune et al. in a recent review [30] . Respiratory assistance in newborns affected by CRM was also evaluated in the present study. Once respiratory distress has arisen, the risk of undergoing mechanical ventilation is no different between the LPI group and the TI. This could be read as an effect of a similar, unexpected, pathogenetic mechanism underlying the respiratory disease in both groups. This finding may suggest the introduction of preventive practices (such as antenatal corticosteroids) common to the two groups. The reduced use of nasal oxygen in the LPI group compared to that in the TI probably reflects the unit's preference for N-CPAP instead of oxygen by nasal cannulae the lower the gestational age.
The respiratory complications seen in the study appeared mild and temporary: the median duration of respiratory pressure support for the LPI group was 40.5 hours. The median length of NICU stay for respiratory disorders was 9 days.
In agreement with recent findings, all types of neonatal respiratory morbidity as well as the need for respiratory support and adjunctive therapies decreased significantly with gestational age until 39 weeks. Each week gained until 39 weeks' gestation reduces the risk of respiratory morbidity by half.
At 37 weeks, the estimated risk for respiratory morbidity, the need for N-CPAP and the need for MV were still greater than at 39-41 weeks. Moreover the duration of any pressure support was significantly longer in 37week neonates compared to 34-36 and 38-41 week babies. In the population of this analysis it was noted that the number of 37-week births should be reduced by 63 in order to lower the need for respiratory support by 1. This represents a considerable undertaking for a result of questionable relevance of the reduction of a mild and temporary disease. Moreover it could expose infants to other risks related to the continuation of pregnancy.
Conclusions
This study confirms that LPI are at a higher risk than TI of developing a pulmonary disease. However, the impact of respiratory diseases on the overall population is lower than previously reported. This is probably related to the respiratory strategy of intervention that endorses less invasive respiratory assistance, as well as to the low rate of late preterm births. Multivariate analysis identified late preterm twins, infants born from elective cesarean section and 37 weekers as the patients at high risk of respiratory impairment: this population might benefit from delayed delivery and from pharmacological lung maturation.
Nevertheless, a generic program aimed at achieving further reduction of late preterm births or cesarean sections in a population already at low risk of respiratory disorders, must seriously take into account the competing risk of other adverse events. In an endeavor to reduce non-indicated late preterm, early term births and cesarean sections, a quality-improvement initiative tailored to this specific environment is called for.
